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(54) ANALOG/DIGITAL CONVERTER 

(57)Abstract: 

PURPOSE: To realize the inexpensive analog/digital 
converter capable of securing the resolving power of the 
digital amount even when the high-speed conversion of 
the output of an up-down counter is required in a short 
cycle by the starting feedback of a D/A converter. 
CONSTITUTION: An up-down counter 4, a D/A 
converter 5, a subtracter 1, an amplifier 2 and a 
comparator 3 constitute a closed loop. The comparator 

3 outputs the logic signal with the different levels 
according to the polarity of the input signal. The counter 

4 counts up when the output Vd of the D/A converter 5 
is smaller than an analog input signal Vi, and counts 
down when the Vd is larger than the signal Vi. As the 
result, the output Dc of the counter 4 changes according 
to the change of the signal Vi. An integrator 6 integrates 
the output Dc of the counter 4 at each clock timing, and 
the output Do becomes the digital amount proportional 
to the time integration value of the signal Vi. The change 
amount of this integration value Do during the constant 

cycle is proportional to the average value of the analog input signal Vi during the cycle. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the analog-to-digital converter changed into the 
digital variable which was applied to the analog-to-digital converter which changes an analog signal 
into a digital signal, especially is proportional to the average value for every predetermined time of 
an analog signal. 
[0002] 

[Description of the Prior Art] The importance of an analog-to-digital-conversion (it is described as 
A/D conversion below) machine for various control devices to follow on being software[ digitization 
and ]-ized, and carry out digital conversion of the analog detecting signal is large. 
[0003] Although controlled using an A/D-conversion result as an amount of feedbacks, in order to 
raise detection precision to inside, there are many of which the average of a between (between 
sampling periods) is required at the detection event. For example, it consists of a transistor and a 
thyristor component and the supply current to a load is rippled according to turning on and off of a 
component in the power converter which controls the power supply to a load by on-off control of a 
component. Thus, in order to carry out digital conversion of the current with a pulsating component 
and to control it with a sufficient precision, as for just once, it is inadequate for a control period to 
carry out A/D conversion, and it is necessary to carry out digital conversion of the current average 
value of a control period. 

[0004] The example of a circuit which carries out digital conversion of the average value of the 
analog signal used now is shown in drawing 4 . (For example, David F.Hoeschele, Jr"Analog-to- 
Digital/Digital-to-Analog Conversion Techniques" John Wiley & Sons, Inc.P356-357) 
[0005] In drawing 4 , the electrical potential difference / frequency (v/F) converter which outputs the 
pulse train of the frequency to which 8 is proportional to the electrical-potential-difference value of 
the analog input signal Vi, and 9 are counters which count the pulse output Pf of said V/F converter 
8. Counted value DO of this counter 9 It reads a fixed period and a difference with the last counted 
value is used as a digital variable. 

[0006] Since a counter 9 carries out integral control action, the amount of counts of a fixed period is 
proportional to the time amount average between the periods of the input analog signal Vi. Also 
when an analog signal contains a pulsating component by this configuration, precision can improve 
digital conversion continuously, and it is used mostly. 
[0007] 

[Problem(s) to be Solved by the Invention] Although the digital conversion method of drawing 4 is 
excellent with a sufficient precision, it may pose a problem with a digital conversion technique with 
precision in respect of the resolution of the digital variable which is an important element. 
[0008] Resolving power is decided by how many the maximum of the digital variable obtained when 
an analog input signal is maximum is, and when this resolving power is small, the rounding error of 
the amount of DEJITERU becomes large, and it becomes impossible to use it for fine control. 
[0009] The element which determines resolution with the configuration of drawing 4 is the digital 
conversion period Ts which are the maximum pulse train frequency Fm of the V/F transducer 8, and 
a reading period of a counter 9, and resolution becomes settled as a product of the maximum pulse 
train frequency Fm and the conversion period Ts. Therefore, although resolution sufficient for the 
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application which may be long can be obtained, in order to carry out high-speed processing, 
resolution becomes a problem for an application with a short conversion period. The maximum 
frequency of the V/F converter 8 by which current marketing is carried out although it is satisfactory 
if the maximum pulse train frequency of the V/F converter 8 is high is 2MHZ(s). It is extent. As for 
the resolution at the time of using the V/F converter of a maximum of 2 MHZ(s), only 200 is 
obtained when a digital conversion period is 100 microseconds. 

[0010] Thus, it is the fault of the configuration of drawing 4 that the resolution of a digital variable 
becomes low at the time of high-speed conversion. Moreover, it is also the fault of drawing 4 that a 
V/F converter becomes expensive and equipment becomes expensive like ** to which the maximum 
frequency becomes high. 

[001 1] Therefore, this invention was made in order to remove the aforementioned fault, also when 
high-speed conversion is needed a short period, it can secure the resolution of a digital variable, and 
it aims at offering an A/D converter cheaply realizable moreover. 
[0012] 

[Means for Solving the Problem] The updown counter 4 which can control the count direction in a 
rise and the down direction, and carries out count actuation for every clocked into in order that this 
invention may attain the above-mentioned object, Digital one / analog (D/A) converter 5 which 
changes the counted value of the updown counter 4 into an analog quantity, The subtractor 1 which 
asks for the deflection of the analog input signal for the purpose of conversion, and said D/A- 
converter output signal, The amplifier 2 which amplifies the output of said subtractor 1, and the 
comparator 3 which judges the polarity of the amplifier output and controls the count direction of 
said updown counter 4 according to a polarity, It consists of digital integrators 6 which integrate the 
counted value of said rise down KAUTA 4 for every clocked into, and let variation between the 
fixed periods of the output of said digital integrator 6 be a digital conversion value. 
[0013] 

[Function] In this invention, an updown counter 4, D/A converter 5, a subtractor 1, an amplifier 2, 
and a comparator 3 constitute a closed loop, and carry out the same actuation as the feedback control 
loop which made the analog input signal the command value. That is, the output of an updown 
counter 4 is detected by D/A converter 5, and by carrying out feedback control with an amplifier 2, it 
operates so that an analog input may be followed. By integrating the counted value of the updown 
counter 4 for every clock, an average value is acquired and, moreover, the digital variable of high 
resolving power is obtained. 
[0014] 

[Example] One example of this invention is explained with reference to the block diagram of 
drawing 1 below. The amplifier which outputs the signal which amplified input signals, such as a 
subtractor with which 1 searches for the difference signal of two analog signals, and a proportion- 
integral whose 2 has an integral function, in drawing, The comparator which outputs the logic signal 
of level with which 3 differs according to the polarity of an input signal, The updown counter in 
which the direction of KAUTO changes and 4 carries out count actuation for every clock on the level 
of a logic signal, the D/A converter from which 5 changes a digital variable into an analog signal, 
and 6 are digital integrators which integrate an input value for every clock. 
[0015] The analog signal Vi for the purpose of conversion is inputted into a subtractor 1, and 
deflection with the output Vd of D/A converter 5 is given to amplifier 2. A comparator 3 is the 
output signal V0 of amplifier 2. The count direction of an updown counter 4 is controlled according 
to a polarity. The output Dc of a counter 4 is given to the coincidence given to D/A converter 5 also 
as an input to an integrator 6. 

[0016] Signal V0 which amplified the deflection of the analog input signal Vi and the signal Vd 
which carried out analogue conversion of the output Dc of a counter 4 with D/A converter 5 The rise 
down direction of a counter 4 is controlled by the polarity. That is, a counter 4 carries out a rise 
count, when Vd is smaller than Vi, and when Vd is large, it carries out a down count. Consequently, 
the output Dc of a counter 4 follows change of an analog signal Vi, and changes. Output DO of an 
integrator 6 which integrated the output of the counter 4 which follows the analog signal Vi for every 
clock timing It becomes a digital variable proportional to the time quadrature value of an analog 
signal Vi. This integrated value DO The variation between fixed periods is proportional to the 
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average of the analog signal Vi between that period. 

[0017] The variability region of the analog input signal Vi, and output DO of a counter 4 The relation 
of a variability region becomes settled according to the transfer characteristic of D/A converter 5. 
For example, what is necessary is to set the variability region of 3, i.e., Dc, to 0-7 for the output 
number of bits of a counter 4, for **10V, then D/A converter 5 to output 10 V, when digital value Dc 
is 0 about the variability region of an analog signal Vi and -10V and Dc are 7, and just to make it 
output the analog signal which changes linearly in the meantime. Moreover, what is necessary is just 
to make it set to 10V, when an analog signal changes in 0-1 0V with a single polarity, Dc is 0 and 0V 
and Dc are 7. Thus, the relation between an analog input and a digital numeric value can be selected 
to arbitration with the output characteristics of D/A converter 5. 

[0018] The slew rate of the output Dc of a counter 4 to an analog signal Vi is Clock CK. It is decided 
by the frequency. However high a clock frequency may be, since only one count can change for 
every clock, the counter output Dc produces flattery delay, when an analog signal carries out step 
change. If the integral function is given to amplifier 2 even when flattery delay is produced, the 
amount of [ by flattery delay ] error finds the integral, and since it operates, a counter 4 will not 
produce an accumulated error, so that the integral value may be set to 0. However, an analog signal 
does not change not much quickly, and when the output of a counter 4 can follow an analog signal, 
an integral function is not necessarily needed. 

[0019] The resolution of the digital conversion result in the example of drawing 1 becomes the 
product of the conversion period Ts which are the output resolution Nc of a counter 4, clock 
frequency Fc, and a reading period of an integrator 6. The examples of drawing 1 are dozens MHZ 
(s). It can operate with a clock frequency. 

[0020] Therefore, according to this invention, even if the resolution Nc of a counter 4 is a single 
figure, it becomes possible to obtain a configuration dozens times the resolution of drawing 4 . the 
time of making the output resolution Nc of a counter 4 high — conversion of D/A converter 5 — 
although it is necessary to also make resolving power high, the D/A converter of 10-bit (resolving- 
power Nc= 1024) extent can come to hand easily, and digital conversion of a high resolution which 
does not become as compared with drawing 4 can be realized. 

[0021] a counter 4 and an integrator 6 are ** cheaply realizable [ with the digital circuit technique 
the latest /, such as a gate array, ], and most prices when realizing the example of drawing 1 are 
decided by price of D/A converter 5. If this D/A converter is also compared with a V/F converter, it 
is cheap, and this invention is accurate, and a high resolution A/D converter can be offered cheaply. 
[0022] In the example of drawing 1 , although the clock of a counter 4 and an integrator 6 was 
explained using the same thing, even if it uses a different clock depending on the case, it is clear that 
the effectiveness of this invention can be attained. 

[0023] Drawing 2 is the block diagram showing other examples of this invention, and what has the 
same function as drawing 1 attaches the same sign, and omits explanation. Drawing 2 is the example 
which transposed D/A converter 5 which is a comparatively expensive component to the pulse 
modulation (PWM) circuit 5 1 in the example of drawing 1 . The PWM circuit 5 1 is a circuit of the 
common knowledge which outputs the logic signal Ld of the pulse width proportional to the output 
Dc of a counter 4, and the change unit of pulse width serves as a period of clocked into Ckn. Clock 
Ck of a counter 4 and an integrator 6 What carried out dividing of the clock Ckn of the PWM circuit 
51 by dividing term 7 is used. The division ratio of dividing term 7 is made in agreement with the 
output resolution Nc of a counter 4. 

[0024] Since the PWM circuit 5 1 is also one sort of a D/A converter, the same of the example of 
drawing 1 and actuation is fundamentally said of the example of drawing 2 . However, since the 
output signal of the PWM circuit 5 1 is rippled even when an input signal Dc is fixed, it needs to give 
a filtering function to amplifier 2 depending on the case. 

[0025] With the clock CK by which dividing was carried out, a counter 4 and an integrator 6 are 
operated in the example of drawing 2 dividing term 7 synchronizing with the PWM period of the 
PWM circuit 51. This is for maintaining the proportionality of the average of the output Ld of the 
PWM circuit 5 1 and the output Dc of a counter 4 which are fed back to a subtractor 1 . A value with 
the PWM circuit 5 1 cannot be made to reflect in the output of the PWM circuit 5 1 even if the output 
Dc of a counter 4 changes during a modulation output, but it only becomes the factor which includes 
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an error in a digital conversion result. 

[0026] The resolution of the digital signal changed according to the example of drawing 2 becomes 
lower than the resolution obtained in the example of drawing 1 . The resolution of the example of 
drawing 2 becomes the frequency Fn of the clock CKn of the PWM circuit 5 1 , and the product of the 
conversion period Ts. Resolution when this clock frequency Fn and clock frequency Fc in drawing 1 
are equal has a difference Nc time the output resolution of a counter 4 of this. It can do [ still 
obtaining the resolution of 10 times or more of the conventional configuration of drawing 4 , or ]. 
The PWM circuit 51 can consist of digital circuit techniques easily like a counter 4 and an integrator 
6. 

[0027] Drawing 3 is the block diagram showing the example of further others of this invention, and 
is the configuration which can be realized still more cheaply than the example of drawing 2 . The 
example of drawing 3 is a configuration when reducing the output resolution of the counter 4 in the 
example of drawing 1 and drawing 2 to the extreme. 

[0028] In drawing 3 , the flip-flop with which 41 holds the input signal level for every clock timing, 
and 61 are the integrators of a 1-bit input, and consist of AND circuit 62 and a counter 63. 52 is a 
level converter which changes the output of a flip-flop 41 according to the variability region of the 
analog input signal Vi. Since the gate of the clock to a counter 63 is carried out by AND circuit 62 
when the flip-flop output Dc is 0, it is the output DO of a counter 63. When it does not change but Dc 
is 1, it is the counter output DO. It increases every [ 1 ] for every clock timing. That is, an integrator 
61 is a 1-bit integrator which integrates the output Dc of a flip-flop 41. That is, the updown counter 
and level converter 52 whose flip-flop 41 of the configuration of drawing 3 is 1 bit are a 1-bit D/A 
converter or an PWM circuit, and do not change basic actuation to drawing 1 and drawing 2 . 
Resolution is the product of a clock frequency and a conversion period, and is the same as the 
example of drawing 2 . However, a circuit can be considered as a easier configuration. 
[0029] The hardware configuration which clears the integrated value of an integrator is also possible 
at the same time it reads the output of an integrator periodically in the above example and ****** 
stores an integrator output in a register for every fixed period by software-based processing using the 
difference of the integrator between periods as a digital variable. 
[0030] 

[Effect of the Invention] According to this invention, the A/D converter with which the digital 
variable proportional to the average value between the detection periods of an analog signal is 
obtained with a sufficient precision is above realizable like explanation. It can obtain sufficient 
resolution, even when you need high-speed conversion a short period, and it is possible to use it as a 
detector for performing high performance control. And it can realize by easy circuitry and this 
invention can offer a cheap A/D converter. 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The subtractor which outputs the difference signal of the output signal of a digital-analog 
converter, and an analog input signal, The amplifier which amplifies the output of said subtractor, 
and the comparator which outputs a level signal which distinguishes the forward negative polarity of 
the output of said amplifier, and is different according to a polarity, The updown counter which 
carries out count actuation for every clock timing inputted and by which a rise down changes 
according to the output level of said comparator, and the output is given to said digital-analog 
converter, The analog-to-digital converter characterized by consisting of digital integrators which 
integrate the output of said updown counter for every clocked into timing. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The block diagram showing one example of this invention. 

[Drawing 2] The block diagram showing other examples of this invention. 

[Drawing 3] The block diagram showing the example of further others of this invention. 

[Drawing 4] The block diagram having shown the conventional example. 

[Description of Notations] 

1 — Subtracter 2 — Amplifier 

3 — Comparator 4 — Updown Counter 

41 - Flip-flop 5 - D/A Converter 

51 - PWM Circuit 52 - Level Converter 

6 61 — Digital integrator 62 — AND circuit 

63 — Counter 7 — Counting-down Circuit 

[Translation done.] 
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